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Abstract 
Based on the survey of the vehicle flow, vehicle model, total gravity and axle load of the Jiangyin Yangtze River 
Highway Bridge within a month, a large amount of data are obtained. Then the fatigue-loaded vehicle model and load 
frequency spectrum and axle-loads distribution is derived. The load frequency spectrum composed of fourteen types 
of daily transport vehicles is obtained based on the survey of the traffic conditions. This observed load frequency 
spectrum is simplified into a practical one composed of six types of model vehicles based on the principle of 
equivalent fatigue damage. The latter can be used for fatigue assessment of other highway bridges on which the 
components of daily vehicle traffic are similar to those presented in this study. The results show that a comprehensive 
survey of the load frequency spectrum across China is necessary for fatigue research of the steel highway bridge. And 
the survey also indicates that the overload of the steel highway bridge brings a negative effect on the environmental 
protection. 
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1. Introduction 
Over the past 1-2 decades, many steel highway  bridges have been constructed in the mainland because 
of the economic development in China. During this period, due to rapid  development of s teel bridge as 
well as the increasing perfection of design and construction techniques, the theoretic research and 
technological specification has been failed to meet the requirements of steel bridge construction.   
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The fatigue failure of the steel highway bridge is a kind of cumulat ive fatigue-damage which is 
resulted from the iterative action of the vehicle loads. The calculation of the fatigue-damage may depend 
on load frequency spectrum which represents the daily traffic status. The standard load adopted  in static 
strength design used in actual code [1] is unreasonable for the calculat ion of the fatigue -damage. The 
fatigue vehicle is adopted in the codes overseas, such as the BS5400 [2] and AASHTO [3]. So in this 
study, a research for statistical analyze of axle load and load spectrum has been performed.  
Based on the survey and analyze of the fat igue of the steel h ighway bridge, the load spectrum is 
obtained. The load spectrum is help with the environmental assessment. 
2. The Survey of Traffic Status of Jiangyin Yangtze River Bridge 
Jiangyin Yangtse River Bridge locates between Jiangyin city and Jinjiang city. It is a long span 
suspension bridge whose middle span reaches to 1385 meters and its total length is 3000 meters long. 
This bridge plays an important role in  the main highway of east china. Thus, the status of vehicle models, 
vehicle flow and overload is typical for research. Then, a series of observation traffic data in the whole 
January of 2009 are obtained. Because many vehicle models are same and the  distinction of their axle 
load is  no appreciable, some models are combined. There are total 14 vehicle models are chosen to 
represent the vehicle flow of the bridge which is shown in Table 1. Based on the vehicle manual [4], the 
axle load and wheelbase of the 14 models are shown in Table 2.  
Table 1. The catalog of 14 vehicle models 
No. Number of axles Vehicle model Gravity(kN) Flow % 
C1 2 Mini truckˈChanghe GH1010 14 16772 1.45 
C2 2 CarˈShanghai BUICK 15 739235 64.05 
C3 2 Dongfeng EQF140 truck 91 46084 3.99 
C4 2 ISUZU CVR142  truck 156 201707 17.48 
C5 2 Huanghai DD6112 passenger car 149 29461 2.55 
C6 3 Dongfeng DHZ140A truck 167 455 0.04 
C7 3 Hongyan CQ1300 truck 300 30970 2.68 
C8 3 Changzheng CZ160 truck 213 526 0.05 
C9 4 Shenjun JA93070JG container truck 420 78157 6.77 
C10 4 Hanyang HY955A truck 333 2842 0.25 
C11 4 Jizhong JZ950flat truck 330 352 0.03 
C12 5 Hanyang HY963 container truck 562 6616 0.57 
C13 5 Yuanda SC9650 trailer 439 228 0.02 
C14 6 Hanyang HY965 612 689 0.07 
Total 1154094 100.00 
Because the gravity of Model C1 is s mall, its effect on the fat igue-damage can be ignored. The gravity 
of Model C2 is small, too. But its flow accounted for 64% of the total. So the Model C2 is taken  into 
account. 
 
Table 2. The catalog of 14 vehicle models The parameter of vehicle models 
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No. of vehicle models Figure of axle load(kN) and wheelbase(mm) 
C2  
 
C3  
 
C4  
 
 
C5  
 
 
C6 

  


 
C7 


 
 
 
C8 


 
 
 
C9 

 

 

 
C10 

 

 

C11 

 

 
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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

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

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








 
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C14 
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



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
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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Note: The data in the parentheses is the axle load of the empty vehicle. The front and back axle of Model C2 has double tyre. For the 
rest Models, the axles have four tyre except double tyre in front axle. The ratio of full load to empty is 6:4 except Model C2. 
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3. The Load Frequency Spectrum of Model Vehicles  
The load frequency spectrum of model vehicles should be established. At first, the vehicles which have 
same numbers of axle and axle load have been taken in one group. Then, each equivalent axel load of the 
model vehicle was calculated by Equation 1 based on the equivalent fatigue-damage principle.  
  313¦ ijiej WfW (1) 
 
where if  is the relat ive frequency of the model i in the same group of vehicle, ijW  is the load of the axle j  of the model i , ejW  is the equivalent axle load of the axle j  of the fatigue model vehicle.  Then, take  
the relative frequency of each vehicle in the same group as  the weight. The wheelbase of the model 
vehicle was calculated by Equation 2 based on its weighted average value. 
 
¦ ijij CfC (2) 
 
where the definition of if  is as same as it in Equation 1, ijC  is the wheelbase of the axle j  of the model 
vehicle i , jC  is the wheelbase of the axle j  of fatigue model vehicle. 
Hence, the 14 model vehicles in Table 2 can be combined into 6 fatigue model vehicles shown in 
Table 3. 
Table 3. The classificatory of the fatigue model vehicle 
Number of 
fatigue model 
vehicle 
Number of 
axles 
Vehicles which be combined 
Amount of fatigue 
model vehicle 
fatigue model 
vehicles/ 
total vehicles (%) No. Amount 
relative 
frequency 
A1 
2 C2 739235 72.72 
1016487 88.08 
2 C3 46084 4.53 
2 C4 201707 19.84 
2 C5 29461 2.91 
A2 3 C6 455 100 455 0.04 
A3 
3 C7 30970 98.33 
31496 2.73 
3 C8 526 1.67 
A4 
4 C9 78157 96.07 
81351 7.05 4 C10 2842 3.49 
4 C11 352 0.44 
A5 
5 C12 6616 96.67 
6844 5.93 
5 C13 228 3.33 
A6 6 C14 689 100 689 0.06 
Total 1137322 98.55 
The equivalent axle load, gravity and the wheelbase of the fatigue model vehicle A1~A6 are calculated 
by Equation 1 and Equation 2. The results are shown in Table 4. 
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Table 4. The load frequency spectrum of the fatigue model vehicle 
Fatigue 
model 
vehicle 
Numbers 
of axle Figure of axle load (kN) and wheelbase (mm) 
Gravity 
(kN) 
Mixing 
rate (%) 
A1 2 


 
75 88.08 
A2 3 

 

 
150 0.04 
A3 3 
 

 
260 2.73 
A4 4 



  

345 7.05 
A5 5 





  

 
480 5.93 
A6 6 






 

 
555 0.06 
Total 98.55 
4. Conclusions 
The vehicle with four and five axles is the primary  model in the Jiangyin Bridge. This is so different to 
the bridges in the city. The fatigue-damage analyse of the urban bridge [5] [6] has been performed in the 
past. The analyze results show that the primary model vehicle has two and three axles. So each bridge has 
different character. In China, there are many steel h ighway bridges to be constructed now. Hence, diverse 
load frequency spectrum of model vehicle should be established according to different bridge. It is also 
shown that overload of the bridge brings a negative effect on the environmental protection. The fatigue 
failure of the steel highway bridge is a worthwhile research work. The forthcoming specification of steel 
highway bridge is being established. The research of integrate load frequency spectrum can be referenced 
for the new specification. 
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